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[57] ABSTRACT‘ 
In a process for representing digital data by binary 
signals, in which the data are in the form of binary 
coded, temary-coded characters, or characters coded 
in a higher value code, the characters are fed in ‘the 
form of data signals to a data transmitter which assigns 
binary signals to the characters. The binary signals are 
transmitted over a transmission channel to a data re 
ceiver which regains the digital data from the binary 
signals. The possible combinations of a given number 
of characters which form a group of characters are 
each assigned at least one combination of a plurality of 
signal elements, each of which represents a binary sig 
nal and forms a group of signal elements. The combina 
tion, in each case, contains ?rst signal elements repre 
senting a ?rst or a second amplitude value and/or sec 
ond signal elements representing a change in the ampli 

' tude value. The assignment is carried out in such a 
manner that within each group of signal elements and 
with any arbitrary sequence of the groups of signal 
elements, always at least one plurality of ?rst signal 
elements occurs between two second signal elements. 
The characters which are fed to the data transmitter 
are divided into groups of the given number, and the 
groups of characters are represented, in accordance 
with the assignment, by the groups of signal elements. 

10 Claims, 12 Drawing Figures 
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PROCESS AND ARRANGEMENT FOR 
REPRESENTING DIGITAL DATA BY BINARY 

SIGNALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a process and apparatus for 

representing digital data by binary signals, in which the 
data are in the form of binary-coded, ternary-coded 
characters, or characters coded in a higher value code, 
and in which the characters are fed, in the form of data 
signals, to a data transmitter which assigns binary 
valves to the characters, and in which the binary signals 
are transmitted over a transmission channel to a data 
receiver which regains the digital data from the binary 
signals. 

2. Description of the Prior Art 
The recording processes preferably utilized for the 

storage of digital data are those processes in which the 
digital data are assigned rectangular binary signals 
which assume only two amplitude values. Each of these 
two amplitude values are assigned a code state, nor 
mally a saturation state of a storage medium, for exam 
ple the magnetization states of a magnetic layer. 
For the storage of data on the storage medium, a 

plurality of processes have already been provided for 
recording data in the form of binary signals. Known 
recording methods are, for example, the non-return to 
zero (mark) or NRZ (M) method and the phase encod 
ing or phase modulation method. In the non-return to 
zero (M) method, only one of the two binary charac 
ters is represented by one single change in the code 
states. In the phase modulation method, each zone of a 
track assigned to a binary character, and known as a 
track element, is divided into two parts, each of which 
corresponds to one of the two code states. Each change 
in direction of the magnetization state is permanently 
assigned to one of the two binary characters. In this 
method, in the event of successive identical binary 
characters, additional changes occur at the boundaries 
of the track elements. 
Another known recording method is disclosed in the 

US. Pat. No. 3,414,894, which is also known as 
“MFM” recording. In this method, the binary charac 
ter 1 is represented by a change in the code state in the 
middle of a track element, and an additional change 
occurs at the boundary between two track elements 
having the binary character 0. 
These' known recording methods can also be utilized 

for the transmission of data. In this case, the amplitude 
values are assigned as code states, for example to the 
pluralities of the direct current. The known recording 
methods have the disadvantage, however, that the rep 
resentation of each binary character requires at least 
one change in the code state of the storage medium, or 
of the transmitted quantity. If the storage density is 
de?ned as the number of binary characters which may 
be stored per unit of length, then the length unit is the 
smallest occurring interval between two changes, the 
maximum storage density which is obtained in the 
known methods is one bit per unit length. Conse 
quently, the data transmission is subject to a maximum 
transmission speed of one bit per element duration, if 
the element duration is the smallest interval of time 
between two changes in the code states. 
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SUMMARY OF THE INVENTION 

The primary object of the invention is to provide a 
process for the representation of digital data in which, 
while adhering to a given minimum permissible interval 
between two changes in the code state, the number of 
items of digital data which may be represented is in 
creased. 
According to the invention, the foregoing object is 

0 realized in a process of the type described above in that 
the possible combinations of a given number of charac 
ters which form a group of characters are each assigned 
at least one combination of a plurality of signal ele 
ments which forms a group of signal elements and rep 
resents a binary signal. Each group contains ?rst signal 
elements representing a ?rst or second amplitude value 
and/or second signal elements representing a change in 
amplitude value. The assignment is effected in such a 
manner that within each group of signal elements, and 
with any arbitrary sequence of the combinations of 
signal elements, always at least one group of ?rst signal 
elements occurs between two second signal elements. 
The characters which are fed to the data transmitter 
are divided into groups of the given number and the 
groups of characters are represented by the groups of 
signal elements in accordance with the given assign 
ment. 
A process carried out according to the present inven 

tion has the advantage that the storage density and the 
transmission speed of the digital data is considerably 
increased in comparison to the known recording and 
transmission processes, while a given minimum interval 
is maintained between two changes in code states. In 
addition, the process has the advantage that for a num 
ber of applications the particular suitable recording or 
transmission process is determined by establishing the 
number of binary characters in a group, the number of 
signal elements in a group and the number of ?rst signal 
elements between two second signal elements. The 
minimum number of ?rst signal elements between two 
second signal elements is determined by the band width 
of the transmission channel with a given duration of the 
individual signal elements, and the minimum difference 
in the number of ?rst signal elements between two 
second signal elements arranged at different distances 
is determined by the distortion of the transmission 
channel and the sensitivity of the data receiver. 

If good pulsing of the binary signals is required, for 
example in the event of pulsing with an oscillator con 
trolled or regulatedby the binary fsignals, it is advanta~ 
geous if the number of ?rst signal elements between 
two second signal elements does not exceed a given 
number. . 

A particularly simple assignment of the groups of 
binary characters to the groups of signal elements is 
achieved if the assignment of the group of characters to 
a group of signal elements is independent of the adja 
cent groups of characters. 

If there are insuf?cient suitable groups of signal ele 
ments available for an independent assignment of the 
groups, further groups of signal elements which cannot 
be used in the case of an independent assignment are 
used and a good pulsing of the binary signals is attained 
if the assignment of the group of characters to a group 
of signal elements is dependent upon the adjacent 
groups of characters. 
A dependent assignment of the groups of binary 

characters to groups of signal elements is carried out in 
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a particularly simple manner if the assignment of a 
group of characters to a group of ‘signal elements is 
dependent upon the preceding groups of characters. 
A circuit arrangement for the execution‘ of, the pro 

cess in which, in the data transmitter, there is provided 
a converter which is supplied with the characters in the 
form of data signals and which emits the binary signals 
at its output, requires little expense if a converter is 
provided which comprises a ?rst register into which a 
group of characters is input, a coder matrix which is 
connected to the outputs of ‘the ?rst register and which 
in each case assigns a group of signal elements, a sec 
ond register designed as *a shift register into which the 
binary values assigned to a group of signal elements are 
input, and a ?ip-?op which is connected to the ouput of 
the second register and at the output of which the bi 
nary signals are emitted. 

If the assignment of a group of binary characters to a 
group of signal elements is dependent upon the particu 
lar preceding group of binary characters, the assign 
ment to other groups of signal elements is achieved in 
a simple fashion if the ?rst register is followed by a 
further register, and if the outputs of the registers are 
connected to a switching stage which checks the binary 
values of the signals at the outputs of the registers, and 
which .feeds the coder matrix with a signal which 
changes the assignment of the groups of characters to 
groups of signal elements in dependence upon the con 
tent of the registers. > 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the inven 
tion, its organization, construction and operation will 
be best understood from the following detailed descrip 
tion, taken in conjunction ' with the accompanying 
drawings, on which: 
FIG. 1 is a block circuit diagram of an arrangement 

for the storage or transmission of data; _ 
FIG. 2 is a timing diagram of signalswhich are as 

signed to a sequence of binary characters in accor 
dance with various recording processes; 
FIG. 3 illustrates the signals by individual signal ele 

ments; 5 
FIG. 4 illustrates the signal elements; 
FIG. 5 is a timing diagram of signals determined by a 

new recording process; ' 
FIG. 6 is a timing diagram of signals established by a 

new recording process having a high storage density; 
FIG. 7 is a schematic circuit diagram of a converter 

provided in the data transmitter for the new recording 
process having a high storage density; 
FIG. 8 is a schematic circuit diagram of alpulse gen 

erator in the converter; 
FIG. 9 is a timing diagram of signals at various points 

of the converter in the data transmitter; 
FIG. 10 is a schematic circuit diagram of a converter 

in the data receiver; - 
FIG. 11 is a timing diagram of signals produced in 

accordance with another new recording process having 
a high storage density; and 
FIG. 12 is a schematic circuit diagram of a converter 

provided in the data transmitter for‘ the other new re 
cording process having a high storage density. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS I 

In the arrangement illustrated in FIG. 1 for, the stor 
age or transmission of digital data, a data source DS 
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4 
emits binary-coded data to a data transmitter DT. The 
data transmitter DT contains a converter C1 which 
converts‘ the data into signals ‘suitable for storage or 
transmission. These signals are conducted across a 
transmission channel TC to a data receiver DR. The 
data receiver DR contains a converter C2 which re 
gains the binary-coded data from the received signals 
and feeds the data to a data consumer DC. 

In this arrangement, the transmission channel TC is 
to be understood both as a transmission link via which 
the data are transmitted and as a store in which the 
items of data are stored. Such a store is, for example, a 
magnetic store in which the signals are assigned to the 
magnetizations of the magnetic surface which serves as 
a storage medium. In the following, the execution of 
the process will be described primarily for the case in 
which the items of data are stored. The same tech 
niques, however, apply to the transmission data. 
For example, the aforementioned non-return to zero 

(mark) NRZ (M) method, the phase modulation 
method, and the modified‘ MFM method are used for 
assigning the binary-coded data to the course in rela 
tion to time, of the signals emitted from the data trans 
mitter DS. 
FIG. 2 represents binary signals such as are emitted 

at the output of the data transmitter DS in dependence 
upon the binary-coded data present at its input, if the 
recording method used is the MFM method, the phase 
modulation method and the 'NRZ (M) method. The 
time t is plotted in the abscissa direction and the instan 
taneous values. of ‘the binary signals are plotted in the 
ordinate direction. When the data are stored on a stor 
age medium, the time t is assigned to a path on the 
storage medium. This pathcan be determined from the 
time t when the speed of scanning of the storage me 
dium is known. 

.In line a of FIG. .2 a sequence of binary characters BC 
is illustrated which representthebinary-coded data ' 
emitted from the data source DS and which are present 
in the form of data signals at the input of the converter 
U1. The line b in FIG. 2 represents the binary signals 
which are emitted at the output of the converter C1 
when the NRZ (M) method is used. Each binary char-r 
acter l is assigned a change in amplitude of the binary 
signals. The smallest occurring interval of time between 
two changes is designated by the element duration a. In 
the case of data storage,'this element duration a corre 
sponds to one unit length 1 on the storage medium. As 
at least one element duration a is required for the rep 
resentation of a binary character A in these known re 
cording methods, there is a transmission speed of one 
bit per element duration at, and a storage density of one 
bit, related to the length unit 1 assigned to the element 
duration a. ' 

The line c represents the binary signals such as are 
emitted at the output of the converter C1 if the phase 
modulation method is used. Each binary character 1 is 
assigned a change in the amplitude of the binary signals 
in the positive direction and each binary character 0 is 
assigned a change in the negative direction. Conse 
quently, between the changes, additional changes 
occur at the-‘boundaries of the zones assigned .to the 
binary characters. The representation of one binary 
character requires two element durations a and this 
results'in. a storage density -.of- 0.5 bits per unit length l. 

_ The vlined represents the binary signals which are 
emitted from the converter C1 when the MF M record 
ing method is used. Each binary character 1 is assigned 
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a change in the amplitude of the binary signals and an 
additional change is inserted between two consecutive 
binary characters 0. Here again, the representation of 

6 
therefore always dependent upon the particular follow 
ing binary characters BC. 

. . . TABLE III 

one binary character requires one element duration a _ and therefore results in a storage density of one bit per 5 BC SE c°"d‘“°“s 

unit length l. 1 S1 so 
FIG. 3 illustrates the binary signals represented in 0 so so when follows 

FIG. 2, having been broken down into individual signal so 51 When “0" follows 
elements SE having boundaries which are marked by 
dots. Further details of FIG. 3 will be described to— 10 
gether with the assignment schedule, represented in The dssighmeht Schedule fol‘ the MFM recording 
FIG_ 4, between the designations of the signal elements method, represented in Table III illustrates that each 
SE and their course in relation to time binary character 1 is assigned the sequence of the sig 

[n the assignment schedule represented in FIG 4, a nal elements S1 and S0. In dependence upon whether a 
constant course of a binary signal in relation to time ‘5 binary character 1 or a binary character 0 follows’ the 
within one time unit is assigned a signal element S0. A binary character 0 is assigned the Sequence of the Sig 
?rst signal element S0 is obtained if the signal has a ?rst hal elements so and S0 or that of the Signal elements so 
amplitude value Al during the time unit, and a second ahd S1- Theref°fe,_ in this recording method, only the 
signal element S0 is obtained if the binary signal has a 20 slghal elements asslghed to the l'elevahf blhal'y eharhe' 
second amplitude value A2 during the time unit.A?rst ters 0 are dependent upon the parhwlar followmg 
and second signal element S1 is assigned to a change in blhal‘y Characters ‘ _ 
the course of the binary signal from the ?rst amplitude From FIGS’ 2 and 3 “ ea“ be Seen that dlfhereht 
value Al to the second amplitude value A2 or from the intervals betW'eeh the amplhude changes of the signals 
second amplitude value A2 to the ?rst amplitude value 25 occur in the various recording methods. The intervals 
A1 within the time unit are stated in numerals. In the case of ‘the NRZ (M) 
When the binary signals are broken down into indi- rhethod’ 1 is the Smallest interval humeral h’heh two 

vidual signal elements SE or when the binary signals are hmary characters 1 and therefore also two slghal ele‘ 
composed from these signal elements SE, it is necessary h‘ehts S1 f°h°w_°he ahother- The hh'geet eeehmhg 
to use those of the Signal elements so or $1 which 30 interval numeral is produced from the interval between 
ensure a continuous course of the binary signals. In the hlhary characters 1 end amohhts of n 'l' 1 with '1 
eAeh ease in FIG 3 under the binary Signals repre_ binary characters 0 between two binary characters 1. 
Sented it is stated which signal element SE has been The possible interval ratios are therefore 1:2:3 . . . n + 
used. _ 1 in the NRZ (M) recording method. 

In the following Tables I to III, the assignments be- 35 In the ease of: the Phase medulahoh reeehchhg 
tween the binary characters BC and the signal elements method’ ehhf the lhte'val hahos 1:2 occur as the slghal 
SE are represented in the form of assignment schedules elements aeslghed t? the bmery characters always eon‘ 
for the binary signals illustrated in FIGS. 2 and 3. tame at least‘ehe S‘ghel element Sli 1“ the ease of a 

. MFM recording method, the interval ratios 223:4 oc 
TABLE I 40 cur, as due to the dependence of the signal elements 

, BC SE assigned to the binary characters 0 upon the particular 
1 . 81 following binary characters, it is ensured that in each 
0- so case four consecutive signal elements contain at least 

one signal element S1. ‘ 
. , 45 Beginning with the described assignment between the 

- In the assignment list for the NRZ (M) recording binary characters BC and the signal elements SE it is 
method illustrated in Table I, each binary characterOis possible to produce a plurality of data recording or 
assigned a signal element S0 and each binary character transmission processes. These processes can be se 
1 is assigned a signal element S1. lected, for example, on the principles of good pulsingof 

TABLE H 50 the signals and/or as large as possible a storage density. 

BC SE _ Conditions TABLE IV 

l 81 SI When “1" follows 
51 SO When “0" follows BC SE 

0 SI so‘ When “1” follows 55 0 0 0 s0 s1 s1 S1 
S1 81 When “0” follows 0 O 1 S1 S0 5‘ Sl 

0 l 0 50 5| so sl 
0 l i 50 SI 81 so 
100 slsososl 

The assignment list for the phase modulation method { (I) I‘) 2(1) 2(1) 2? 
represented in Table II illustrates that in dependence 60 1 1 1 S1 S1 S1 50 
upon whether it is followed by a binary character I or 
a binary character 0, the binary character 1 is assigned . 
a sequence‘ of the signal elements S1 and S1 or S1 and Table IV is an assignment schedule for a new record 
S0. In dependence upon whether a binary character 1 ing method in which, in this case, three binary charac 
or a binary character Ohfollows, the binary character 0 65 ters B2 are assigned to a sequence of four signal ele 
is assigned a sequence of the signal elements 51 and S1, 
or of S1 a'ndSO. In this recording method, the signal 
elements SE assigned to" the binary characters BC are 

ments SE. In the recording process, only interval ratios 
of numbers 122:3 occur and the pulsing of the signals in 
data receivers therefore becomes very simple. A stor 



4,005,478 
7 

age density of 0.75 bits per unit length l is attained with 
this recording method. - 
The interval ratio of 1:2:3 is achieved in that, of the 

16 possible combinations of the four signal elements S0 
and S1, only those are used which contain within them 
selves a maximum of two consecutive signal elements 
S0, and which also possess a maximum of two consecu 
tive signal elements S0 in an arbitrary sequence. Of the 
16 possible combinations, in this way nine are suitable 
for the representation of the binary characters. Only 
eight of these combinations are used, and these are 
assigned to the eight possible combinations of three 
binary characters. In the assignment schedule repre 
sented in Table IV, for example, the combination of the 
signal elements S1 S1 S1 81 has been dispensed with. If 
tis combination will likewise be utilized, the storage 
density in this recording method would be further in 
creased. 

In FIG. 5, line a illustrates the sequence in binary 
characters BC and line b illustrates the sequence of 
signal elements SE taken from the assignment schedule 
of Table IV. The line 0 represents the signal courses 
assigned to the signal elements, and the line b illustrates 
the course of the binary- signals such as emitted from 
the converter C1 to the output of the data transmitter 
DT when this recording method is employed. 

In the data receiver DR, the binary signals are pulsed, 
for example, by an oscillator which is adjusted by the 
binary signals in terms of phase and frequency, and the 
signal elements SE contained in the binary signals are 
established. In the converter C2, the signal elements SE 
are again assigned to the binary characters BC as illus 
trated in the assignment schedule represented in Table 
IV, and the transmitted items of data are emitted from 
the converter C2 to the output of the data receiver DR. 
By introducing ‘conditions into the assignment of the 

binary characters to the signal elements, similarly as in 
the assignment schedules illustrated in Tables II and III, 
it is possible to produce further recording methods 
which have improvements in comparison to recording 
methods having no conditions, in terms of the desired 
properties, in, particular the pulsing. 
As stated above, the known recording methods hav 

ing a maximum storage density of one bit relative the 
unit length l assigned to the element duration a. This 
storage density can also be very simply determined with 
the aid of the signal elements SE. A binary signal hav 
ing the element durationa is, in each case, composed 
from'a number vkof signal elements. In accordance 
with the assignment schedule, a number s of signal 
elements SE is assigned a number of b binary charac 
ters BZ, and the storage density D can therefore be 
determined from the equation 

I) = vk (b/s). 

For example when the NRZ (M) recording method, s 
= I signal elements are required for b =. 1 binary char 
acters and the minimum interval vk is 1. Therefore, a 
storage density of one bit per unit length l is obtained 
from the equation. In the same way, the storage density 
of the phase modulation recording method is calcu 
lated to be 0.5 and the ‘MF M recording method is cal 
culated to'be one bit per unit length I. 
As the representation of d binary characters requires 

at least s signal’ elements, the storage density is in 
creased by virtue of an increase in the smallest interval , 
numeral vk. 
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TABLE V 

BC SE 

0 0 0. SO SO SI S0 SO S0, S0 
0 .0 I S0 S0 S0 SI S0 , S0 7S0 
0 l 0 S0 S0 S0 S0 Sl S0 S0 
0 l I S0 S0 S0 S0 S0 SI S0 . - 
l 0 0 S0 S0 S0 S0 S0 S0 SI 
1 O I SO SO 8] SO SO SI SO 
I l 0 S0 S0 ' Sl SO S0 S0 $1 
I 1 I S0 S0 S1 S0 51 

Table V illustrates an assignment schedule for a re? 
cording method in which, in each case, one group of b 
= 3 binary characters BC is assigned a group of s = 7 
signal elements SE. When the groups of signal elements 
were selected from the 27 possible combinations of 
seven signal elements S0 and S1, it was ensured that 
always at least two signal elements S0 occur between 
two signal elements S1. Of the nine combinations de 
termined in this manner, only eight are assigned to the 
23 combinations of three binary characters BC. ‘In order 
to achieve good pulsing of the signals in the data re 
ceiver DR, the combination of signal elements contain 
ing only signal elements S0 was not used. 

In FIG. 6, line a shows a sequence of binary charac 
ters BC and the line b shows the signal courses of the 
signal elements assigned to the binary characters, as 
illustrated in Table V. For reasons of simplicity and 
clarity, the signal elements have not been referenced. 
The line c shows the course of’ the binary signals emit 
ted in the data transmitter DT. As a binary signal with 
the element duration a consists of vk = 3 single ele 
ments, in this method of recording, by the above equa 
tion, there is a storage density of D= 3 (3/7) = 1.28 bits 
per unit length l. ' ‘ 
Therefore in this method of recording, the storage 

density is 28% above the storage density of the known 
recording methods. If, in accordance with the NRZ 
(M) method, the combination of signal elements con 
sisting only of signal elements S0 is also permitted, the 
storage density is further increased. 
By increasing the number of signal elements SE as 

signed to the binary characters BC it is possible to 
further increase the storage density. For example,‘when 
b = 4 binary characters BC are assigned to s = 18 signal 
elements SE, a storage density of over 1.75 bits per unit 
length l is achieved. Therefore, this storage, density is 
already more than 75% higher than in known recording 
methods. > 

In determining a suitable recording method, it is’, 
necessary to establish the number vk of signal elements 
of a signal with the element duration a and‘ the number 
d of signal elements which indicate the smallest differ 
ence in the intervals between the signal elements S1. 
The values vk and d are established in that, in each 
case, a sufficient number of signal elements are used 
for vk and d to be whole numbers. Then,- the groups of 
binary charactersare assigned to groups of signal ele 
ments in which the established values for vk and d ‘are 
adhered to and the groups are assigned to one another. 

If necessary, inthe determination of jtheIgl'oups of 
signal elements, it.‘ is also possible to ensure that the 
maximum occurring intervals between signal elements 
S1 do not contain more than vg signal elements. Inthis 
case, a maximum of vg signal .element's'Sl) occur 
between two signal elements S1 and, therefore, good 
pulsing of the transmitted’ signals is achieved. If insuffi 
cient suitable groups of signal elements are vavailable, 
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then, as shown in the following, certain of the non 
selected groups can be additionally employed, if their 
occurrence is made dependent upon the preceding or 
following groups. 
FIG. 7 illustrates an exemplary embodiment of the 

converter C1 in the data transmitter DT, which assigns 
groups of binary characters to the groups of signal 
elements in accordance with the assignment schedule 
in Table V. The converter Cl contains an oscillator 
0S1, a pulse generator PGl, two registers R1 and R2 
designed as shift registers, a ?ip-?op F I and a plurality 
of binary logic linking elements which form a coder 
matrix CMl. 
The oscillator 081 of constant repetition frequency 

feeds the pulse generator PGl with rectangular pulses 
T1. The repetition frequency determines the shortest 
occurring element duration a of the signals A at the 
output of the data transmitter DS. With the aid of the 
pulses T1, the pulse generator PGl produces further 
pulses T2, T3 and T4 which are fed to the register R1, 
to the data source DS, and to the register R2. 

In each case, three pulses T2 input three binary char 
acters represented in the form of a data signal B1 emit 
ted from the data source DS in serial fashion into the 
register R1. After write-in, the binary character illus 
trated in the right-hand column of Table V is contained 
in the uppermost portion of the register R1. With the 
aid of the coder matrix CMl connected between the 
registers R1 and R2, the groups of binary characters 
BC are assigned to the groups of signal elements SE in 
accordance with Table V. 
After each write-in process, the pulse generator PGl 

emits a pulse T3 to the register R2 which transfers the 
binary values which are assigned to the signal elements 
SE and which are present at the outputs of the coder 
matrix CMl into the register R2 in parallel. 
As only signal elements S0 occur in the ?rst two 

columns for the signal elements in Table V, a reference 
potential of 0V assigned to a binary value 0 is con 
nected to the inputs of the lowest positions of the regis 
ter R2 which are assigned to these columns. 
When the transfer has been completed, the pulse 

generator PGl emits seven pulses T4 to the register R2 
and the stored binary values are read out in serial fash 
ion. At the output of the register R2 a signal SCl ap 
pears which assumes the binary values 0 and I when 
ever the binary values assigned to the signal elements 0 
and 1 occur. In order to produce a binary signal A 
which corresponds to the binary signal A represented 
in FIG. 6, the signal SCl is fed to the pulse train input 
of the ?ip-?op F1 and the flip-?op F1 is triggered 
whenever the signal SCI changes its binary value from 
I to 0. 
Additional details of the converter Cl will be de 

scribed together with the circuit diagram of the pulse 
generator PGl illustrated in FIG. 8 and with the timing 
diagram represented in FIG. 9. 
The pulse generator PGl illustrated in FIG. 8 com 

prises two frequency dividers D1 and D2, four ?ip-?ops 
F2-F5, and three AND gates AGl-AG3. The pulse 
generator P01 is supplied with the pulses T1 produced 
by the oscillator 051, and emits the pulses T2-T4. 
FIG. 9 is a timing diagram of signals as occur in the 

operation of the converter C1 represented in FIG. 7 
and the pulse generator PGl illustrated in FIG. 8. The 
time t is plotted along the abscissa direction and the 
amplitudes of the signals are plotted along the ordinate 
direction. Inasmuch as all of the signals are binary 
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10 
signals, they only assume binary values referenced O 
and 1. 
At the beginning of the production of the binary 

signals A, the frequency dividers D1 and D2 and the 
?ip-?ops F2, F4 and F5 are reset, and the ?ip-?ops F1 
and F3 are set. After the release of the converter Cl, 
each pulse T1 triggers the ?ip-?op F2. The signal f2 at 
its output is fed to the AND gates AGI and AG3. As 
the flip-flop F3 is set, the signal f3 at its output releases 
the AND gate AGl. At the output of the AND gate 
AGI, the pulses T2 are emitted to the register R1. The 
pulses input the binary characters simultaneously emit 
ted from the data source DS in the form of the data 
signal B1 into the register R1. 
The pulses T2 are also fed to the frequency divider 

D1 which, in each case after three pulses T2, emits a 
signal d1. The frequency divider D1 comprises, for 
example, a dual counter having outputs which are con 
nected to the ?rst inputs of a comparator. The second 
inputs of the comparator are supplied with the number 
3 as a dual number. As soon as the dual counter has 
emitted three pulses, the comparator emits the signal 
d1 and resets the counter again. The signal d1 also sets 
the ?ip-?ops F4 and F5 and resets the ?ip-?op F3. 
Following the resetting of the ?ip-?op F3, the AND 
gate A61 is blocked and no more pulses T2 are emit 
ted. After the three pulses T2, the ?rst group of binary 
characters is completely stored in the register RI. The 
coder matrix CMl produces the signal elements as 
signed to the binary characters and emits signals having 
corresponding binary values to the inputs of the regis 
ter R2. 
The ?ip-?op F4 controls the production of the pulses 

T3. The ?ip-?op F4 releases the AND gate AG2 with 
the aid of a signal f4 at its output, and the pulses T1 are 
conducted to the AND gate AG2. At the output of the 
AND gate AG2, the pulse T3 is emitted, the duration of 
such pulse being equal to the duration of a pulse T1. 
The pulse T3 inputs the binary values present at the 
inputs of the register R2, in parallel form, into, the 
register R2. The pulse T3 also resets the ?ip-?op F4 
again with its trailing edge. ' 
After the setting of the ?ip-?op F5, the signal f5 at its 

output releases the AND gate AG3 and pulses T4 are 
emitted to the register R2. The pulses T4 produce a 
serial read out of the register R2 and at the output 
thereof the signals SCI appear which change in binary 
values in accordance with the stored binary values. If, 
for example, the binary'characters 110 have been writ 
ten into the register R1, in accordance with FIG. 6, 
with the aid of the pulses T2>,5the signal SCI succes 
sively assumes the binary values 0010001. 
The signal SCl is fed to the pulse train input of the 

?ip-?op F1 and the binary signals A at its output 
change their binary values whenever the signals SCI 
change their binary values from 1- to 0. The part of the 
binary signals A represented in FIG. 9 is identical to the 
binary signals A represented in the ?rst half of FIG. 6, 
line 0. It is ampli?ed in the data transmitter'DT and 
emitted to the transmission channel TC. 
The frequency divider D2 is of similar construction 

to the frequency divider D1 and after, in each case, 
seven pulses it emits a signal D2. The frequency divider 
D2 counts the pulses f2 emitted from the ?ip-?op F2 
and, after seven pulses, sets the ?ip-?op F3 again with 
the aid of the signals d2. The signal 13 releases the AND 
gate AGl again and again three pulses T2 are emitted 
which input the next group of three binary characters 
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emitted from the data source DS into the register R1. 
' After encoding by the coder matrix CM 1, a pulse T3 is 
again produced, etc. ' 
FIG. 10 illustrates an‘exemplary embodiment of a 

converter C2 in the data receiver DE which regains the 
transmitted binary characters from the binary signals 
A. The converter C2 comprises an oscillator 082, a 
pulse generator PG2, three registers R3-R5 designed as 
shift registers, an anit-valence element EX and a plural 
ity of binary logic linking elements which form a de 
coder matrix DM. The oscillator 082 is synchronized 
by the received signals A and emits rectangular pulses 
T5 to the pulse generator PG2. The repetition fre 
quency of the pulses T5 is identical to that of the pulses 
T1 of the oscillator 081. With the aid of the pulse T5, 
the pulse generator PG2 produces further pulses T6, 
T7 and T8 which correspond to the pulses T4, T3 and 
T2, which are fed to the registers R3-R5. The pulse 
generator PG2 is of similar construction to the pulse 
generator PG], the only difference being that the ?ip 
?op F3 is reset at the beginning of the transmission, 
that the setting input of the ?ip-?op F4 supplied with a 
signal d2 instead of the signal d1, and that the ?ip-?op 
F5 and the" AND gate AG3 are not necessary. 
The pulse T6 inputs the binary values assigned to the 

binary signals‘ A, in serial fashion, into the register R3. 
The signals kl and k2 emitted at the outputs of the 
stages K1 vand K2 of the register R3 are fed to an anti 
valence ‘element EX which, from the binary signals A, 
produces signals vSC2 which correspond to the signal 
SCl in the converter C1. The pulse T6 then inputs the 
binary values assigned to the signal SC2 into the regis 
ter R4, in serial form. The two lowest stages of the 
register R4 are not required as, in accordance with 
Table V, these stages contain only binary values 0. 
After seven pulses T6 the binary values assigned to the 
?rst group of signal elements are stored in the register 
R4. Then, the signal elements are again assigned to 
binary characters by the decoder matrix DM and a 
pulse T7 inputs the binary "values assigned to the binary 
characters into the register R5, in parallel form. Subse 
quently, three pulses T8 are emitted and the stored 
binary values are emitted in serial form as signals B2 at 
the output of the register R5. Simultaneously, with the 
emission of the pulses T8, the binary values assigned to 
the next group of signal elements are already being 
input into the registers R3 and R4, etc. ‘ 

TABLE VI 

BC 1 SE Conditions‘ 

00 7 S0 S0 S0 S0 S0 S0 S0 S0 When 00 does not precede I 
S1 S0 S0 S0 S0 S0 SI S0 When 00 precedes 

Olv SO S0 S0 S0 S0 SI S080 

10 S0 S0 SO SO SO SOSl SO 
ll SOSOSOSOSOSOSOSI 

Table IV illustrates an assignment schedule for. a 
further recording method in which one group of b = 2 
binary characters BC is, in each case, assigned to a 
group of s = 8 signal elements SE. In the selection of 
the groups of signal elements from the 28 possible com 
binations of the eight signal elements S0 and S1, it was 
ensured that at least ?ve signal elements S0 always 
occur between two signal elements S1. Also, an addi 
tional group of signal elements represented in the sec 
ond row was ‘selected which, in each case, contains a 
signal element S1 in the ?rst and the seventh positions. 
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If the received signals can be pulsed in the data re 

ceiver DR in accordance with the NRZ (M) recording 
method, even when only signal elements S0 occur in 
several consecutive groups of signal elements, the use 
of the additional group represented in the second row is 
dispensed with. In ‘such a recordingmethod, there is 
then a storage density of D = 6 (2/8) = 1.5 bits per unit 
length I. If, however, it must be ensured that a signal 
element S1 occurs at least in each second group of 
signal elements, only the lower three groups of signal 
elements can be used. However, these three groups can 
only be assigned a binary character BC and, in this 
case, there is a storage density of D = 6 (‘6) ) = 0.75 
bits per unit length I. 

In this case, it would be possible to increase the stor 
age density, if the three combinations were assigned the 
three ternary characters 0, l, 2 of a ternary number 
system. In this case, there would be a storage density of 
D = 6 (1d%) = 1.19 bits per unit length 1. 

If, however, in the use of binary characters, it must be 
ensured that a signal element S1 occurs at least in each 
second group of signal elements, the storage density 
can be increased in comparison to the above-men 
tioned value of 0.75 bits per unit length l, in that the 
group of binary characters 00 is optionally assigned the 
group of signal elements SE contained in the ?rst or 
second row. The assignment is made in dependence 
upon whether a group of binary characters 00 precedes 
or not. If the group of binary characters 00 is not pre 
ceded by a group of binary characters 00, the group 
contained in the ?rst row is used and otherwise the 
group contained in the second row.» In this way, good 
pulsing of the signals is ensured, as it is ensured that at 
least in each second'group of signal elements there 
occurs a signal element S1 which corresponds to a 
change in the binary signal. ' 

In line a of FIG. 11, a sequence of binary characters 
BZ is illustrated and in line b thesignal courses of the 
signal elements assigned to the binary characters .in 
accordance with Table VI is illustrated. For reasons of 
clarity, the signal elements have not been designated. 
The line c shows the course of the binary signals emit 
ted at the data transmitter DT. In FIG. 11, the ?rst 
group of binary characters 00 has been assigned the 
group'of signal elements contained in the ?rst row. of 
Table VI, and the second group of binary characters 
has been assigned the group of signal elements con 
tained in the second row. 
As the binary signals having the signal duration a 

contain vk = 6 signal elements, with this recording 
method there is a storage density of D = 6 (2/8) = 1.5 

' bits per unit length 1. Therefore, when this recording 
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method is used the storage density is 50% above the 
storage densities of known recording methods. 
FIG. 12- illustrates another exemplary embodiment of 

the converter C1 which, in accordance with the assign 
ment schedule illustrated in Table VI, assigns the bi 
nary characters BC to the signal elements SE, taking 
into account the given conditions. 
The converter Cl contains an oscillator 083, a pulse 

generator PG3, three registers R6-R8 designed as shift 
registers, a ?ip-?op F6, a switching stage comprising an 
AND gate AG4, and a coder matrix .CM2 comprising 
binary logic linking elements. The oscillator 0S3 corre 
sponds to the oscillator OS1 and emits pulses T9 of 
constant‘repetition frequency to the pulse generator 
PG3.> The pulse generator P63 is of similar construc 
tion to the pulse‘ generator PGl and emits pulses-T10, 
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T11 and T12 which correspond to the pulses T2, T3 
and T4. It only differs from the pulse generator PGl in 
that the frequency dividers D1 and D2 emit a signal d1, 
d2 not after, in each case, three and seven pulses, but 
after two and eight pulses. ' 
The pulses T10 are fed to the register R6, and after 

two pulses, the ?rst group of binary characters is input, 
in serial fashion, into the register R6. It will be assumed 
that at the beginning of the conversion the registers R6 
and R7 contain only binary values 1. The coder matrix 
CM2 assigns the group of binary characters 32 a group 
of signal elements SE and the binary values at the in 
puts of the register R8 are input, in parallel form, into 
the register R8 with the aid of a pulse T1 1. Then, eight 
pulses T12 are produced and the content of the register 
R8 is read out in serial fashion. The binary values of the 
signal SC3 at the output of the register R8 correspond 
to the signal elements SE. The signal SC3 is fed to the 
?ip-flop F6 in accordance with the signal SCl in FIG. 7 
and, at its output, the binary signals A are emitted 
which correspond to the binary signals A in FIG. 11. 
After two further pulses T10, the ?rst group of binary 

characters is input, in serial fashion, into the register 
R7. At the same time, a second group of binary charac 
ters is input into the register R6. The AND gate AG4 
checks whether groups of binary characters containing 
only the binary characters 00 are stored both in the 
register R6 and in the register R7. If this is not the case, 
an assignment is carried out in accordance with the 
?rst, third and fourth and ?fth rows of Table VI. If, 
however, both registers R6 and R7 contain only the 
binary characters 0, a signal with the binary value 1 is 
emitted at the output of the AND gate AG4, and an 
assignment is made in accordance with the second to 
?fth rows of Table VI. Then, the binary values of the 
signals at the outputs of the' coder matrix CM2 are 
again transferred, in parallel fashion, into the register 
R8 with the aid of a pulse T11. 
A converter C2, associated with the converter C1, in 

the data receiver DR is of similar construction to the 
converter C2 represented in FIG. 10 and does not re 
quire any other shift register for the intermediate stor 
age of the signal elements, as the assignment of signal 
elements to the binary characters is carried out without 
conditions. 
By introducing further conditions, for example in 

accordance with the conditions prevailing in the pro 
duction of the NRZ (M) recording method, or the 
MFM recording method shown in Tables II and III, it is 
possible to produce a plurality of new recording meth 
ods. It is therefore possible to match, in particular, the 
recording density and the pulsing capability to the par 
ticular requirements imposed, in the best manner possi 
ble. - 

Although we have described our invention by refer~ 
ence to particular illustrative embodiments thereof, 
many changes and modi?cations of the invention may 
become apparent to those skilled in the art without 
departing from the spirit and scope of the invention. 
We therefore intend to include within the patent war 
ranted hereon, all such changes and modi?cations as 
may reasonably and properly be included within the 
scope of our contribution to the art. 
We claim: 
1. A process for representing digital data by binary 

signals, in which the data are in the form of binary, 
ternary or higher value coded characters, in which the 
characters are fed in the form of data signals to a trans 
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14 
mitter which assigns binary signals to the characters, 
and in which the binary signals are transmitted over a 
transmission channel to a data receiver which regains 
the digital data from the binary signals, comprising the 
steps of: ‘ 

assigning at least one combination of signal elements 
to each of the possible combinations of a given 
number of characters which form' a group of char 
acters; 

each signal element combination formed by assigning 
?rst signal elements to represent a first or a second 
amplitude value and assigning second signal ele 
ments to represent a change in the amplitude value; 

the last-mentioned assignments of signal elements 
including the step of providing, in each arbitrary 
sequence of the groups of signal elements, at least 
a plurality of the ?rst signal elements between two 
second signal elements; 

dividing the characters fed to the transmitter into 
groups of the given number; and 

representing the groups of characters, in accordance 
with the assignment by the groups of signal ele 
ments. . 

2. The process of claim 1, wherein the step of provid 
ing ?rst signal elements between second signal ele 
ments is further de?ned as providing no more than a 
predetermined number of ?rst signal elements between 
two second signal elements. 

3. The process of claim 1, wherein the step of assign 
ing of signal elements to a group of characters is de 
?ned as assigning signal elements to a group of charac 
ters independently of adjacent groups of characters. 

4. The process of claim 1, wherein the step of assign 
ing signal elements to a group of characters is de?ned 
as assigning the signal elements in dependence on adja 
cent groups of characters. 

5. The process of claim 4, wherein the step of assign 
ing is further de?ned as assigning the signal elements in 
dependence upon the preceding group of characters. 

6. The process of claim 1, in which the transmission 
channel includes a store, and comprising the step of 
supplying the transmission channel with binary signals 
having amplitude values corresponding to the code 
states of the storage medium. 

7. The process of claim 6, in which the store is a 
magnetic store having saturation magnetizations, and 
comprising the step of assigning the amplitude values to 
the magnetizations. 

8. A circuit arrangement for representing data by 
binary signals in which the data are in the form of bi 
nary, -ternary-or higher-coded characters, comprising: 
a transmission channel; 
a transmitter for receiving the characters and assign~ 

ing binary signals to the characters, said transmitter 
connected to said transmission channel to input the 
binary signals thereto; 

said transmitter including a converter which receives 
the data signals and which comprises 
a ?rst register for receiving a ?rst group of charac 

ters, 
a coder matrix connected to the outputs of said 
?rst register to assign a group of binary signal 
elements to a group of characters, 

a second register which is a shift register connected 
to said coder matrix for receiving the binary 
encoded values assigned to a group of signal 
elements in parallel form, and 
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a ?ip-?op connected to the output of said shift 
register to receive and output the binary values in 
serial form to said transmission channel; and 

a data receiver connected to said transmission chan 
nel for receiving, and regaining the data signals 
from, the binary signals. 

9. The circuit arrangement of claim 8, wherein said 
?rst register is a shift register which is connected to 
receive the data signals in series and output the data 
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signals to said coder matrix in parallel. 

10. The circuit arrangement of claim 8, comprising: 
a third register connected to receive a preceding set 
of data signals in series from said ?rst register; and 

a switching stage connected between the outputs of 
said first and third registers and said coder matrix 
and operable to control the assignment of signal 
elements by said coder matrix in accordance with 
the contents of said first and third registers. 

* * * * * 


